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[57] ABSTRACT

An alternate-path phase switch has a primary conduc-
tive region and control regions which provide alternate
paths in gaps formed with the primary region. Switch-
ing means, e.g. PIN-diodes, control the potentials on the
control regions and select the path followed by micro-
wave radiation. Each path results in a different phase in
the output so the device acts as a phase modulator.

9 Claims, 5 Drawing Figures
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RADIO FREQUENCY ALTERNATE-PATH PHASE
SWITCH

DESCRIPTION

The invention relates to a microwave alternate path
phase switch. The processing of radio micro-waves, eg.
those having frequencies of 1 to 250 GHz and especially
20 to 100 GHz, 1s often carried out by modifying the
waves 1n waveguides. In particular phase modulation 1s
achieved by switching an (unmodulated) carrier fre-
quency between alternate paths wherein the change of
path 1s accompanied by a change of phase. It 1s difficult
to achieve switching at high speeds, e.g. above 10
Mbits/sec, and it is an object of the invention to achieve
this.

Known devices for providing such phase modulation
include an input and an output which are connected by
a pair of waveguide paths. The device includes switch-
ing means associated with each waveguide path, the
switching means being operable to provide alternative
paths between the input and the output. The phase of
the output signal depends upon which path is followed
and thus phase modulation can be applied to a signal by
appropriately operating the switching means. Typically
the switching means include diodes. The frequency at
which the device can be switched 1s limited by the
frequency at which the diodes can be switched. The
present mvention provides a device having a structure
which permits switching at higher frequencies than has
been possible previously with devices of this type.

According to this invention a microwave alternate-
path phase switch, which provides alternate paths from
an input to an output and a selector for selecting which
path a microwave will follow, the paths being such that
the phase of the output signal depends-on the path fol-
lowed, is characterised in that the selector comprises
discrete conductive regions connected for the transmis-
sion frequency but disconnected at the modulation fre-
quency wherein each of said discrete regions is con-
nected to a primary conductive region via separate and
independent switching means and a gap between each
of discrete regions and the primary conductive regions
constitutes one of said alternate paths. Most conve-
niently the various conductive regions take the form of
metal layers supported on a dielectric substrate.

A preferred embodiment of the invention takes the
form of a dielectric substrate, eg. a plastic film, which
on one side supports a primary conductive region hav-
ing an aperture and an input slot which provides an
input path by slotline transfer and on the other side
supports a secondary conductive region which co-oper-
ates with the primary conductive region to provide an
output path by microstrip transfer, characterised in that,
in the aperture, the substrate supports two discrete con-
ductive regions connected at the tranSmission {re-
quency but disconnected at the modulation frequency
wherein each of said discrete conductive region is con-
nected to the primary conductive region via separate
and independent switching means whereby gaps be-
tween the peripheries of the discrete regions and the
peripheries of the primary region provide alternate
paths by slotline transfer from the input path to the
output path and activation of the independent switching
means provides phase modulation by selecting one of
the two alternative paths.

Each switching means may be a PIN-diode.

10

15

20

25

30

35

40

435

50

55

60

65

2

The mnvention will now be described by way of exam-
ple only with particular reference to the accompanying
drawings in which: |

FIG. 1 1s a schematic view of a switch showing con-
ductive regions on one side of a dielectric substrate;

FIG. 2 shows a conductive region on the other side of
the substrate;

FIG. 3 1s 2 composite of FIGS. 1 and 2 showing the
relative position on both sides of the substrate;

FIG. 4 1s a diagram showing the paths provided by
the arrangement shown in FIGS. 1, 2 and 3, and

FIG. S 1s a schematic view illustrating a particular
example of the present invention.

The radio frequency alternate-path phase switch
shown in FIGS. 1, 2 and 3 is formed of regions of cop-
per on the surfaces of a plastic film which forms a di-
electric substrate. In accordance with conventional
practice the switch was formed from plastic film having
complete layers of copper on both surfaces. The pat-
terns shown i FIGS. 1 and 2 were then produced by
etching away the unwanted copper.

FIG. 1 shows the pattern on one side of the film.
Most of the surface 1s covered by a primary conductive
region 10; the exceptions being an input slot 11 and an
aperture 12. The aperture 12 contains two discrete con-
ductive regions 13 and 14 which are separated by a
slot-line structure 15 which comprises three narrow
lines 16 linked by two wide slots 17. Discrete region 13
1s connected to the primary region 10 via a PIN-diode
18 and the bias to actuate the diode 18 1s obtained via
the lead 19 connected to discrete region 13. Similarly
discrete region 14 is connected to the primary region 10
via PIN-diode 20 biased via lead 21. As can be seen in
FIG. 2 on the reverse side of the substrate the majority
of the copper 1s etched away to leave a rectangular
secondary conductive region 22, which is located oppo-
site the input slot 11. FIG. 3 shows the supposition of
FIGS. 1 and 2, the shaded region 30 indicates where the
substrate is sandwiched between two layers of copper.

The regions shown in FIGS. 1, 2 and 3 provide the
network of paths shown diagramatically in FIG. 4. The
network comprises an input path 40, an output path 41
with alternative paths 42 and 43 linking the input path
40 to the output path 41. The input path 40 is consti-
tuted by slotline transmission in the slot 11 and the
output path 41 1s constituted by microstrip transmission
in the sandwich region 30 (FIG. 3). The alternate paths
42 and 43 are constituted by slotline transmission in the
gap between the periphery of the regions 13 and 14 and
the periphery of the aperture 12. More specifically, the
path 42 corresponds to the gap between regions 13 and
10 and the path 43 to the gap between regions 14 and 10.

The operation of the device will now be described.
External circuitry (not shown in any drawing) biases
one of the diodes 18 or 20 via its lead 19 or 20. When a
diode 1s biased it provides a short circuit between its
discrete region and primary region 10 and this prevents
transmission of energy through the peripheral slot be-
tween the two. Thus when region 13 1s biased via lead
19, diode 18 is conductive and the microwave energy
passes through path 43. When the path switches (in
response to switching the diodes 18 and 20) there i1s a
change of phase of 180" at the output path 41 so the
device acts as a phase-modulation switch.

By way of emphasis it 1s pointed out that diodes 18
and 20 function independently. This important require-
ment is achieved through the use of the slotline struc-
ture 15. This structure physically separates the region
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13 from the region 14 so that d.c. bias on one does not
transfer to the other. This arrangement permits a higher
switching speed than has been possible with known
devices. However it is important that the two regions 13

-and 14 should have the effect of a single region upon the
carrier wave in the inlet slot 11 1.e. the slotline structure
should appear as a short circuit at the transmission fre-

quency. As shown in FIG. 1 the slotline structure 15 is

formed of three narrow segments 16 and two wide
segments 17 and each of these five segments has a nomi-
nal length of one quarter of a wave length at the trans-
mission frequency, i.e. the total (nominal) length of the
slotline structure is 5/4 wave lengths. It has been found
that a slotline structure of this form is operative to sepa-
rate the two regions 13 and 14 at the modulation fre-
quency but not at the transmission frequency. (In an
ideal structure the dimension would be exactly one
quarter of a wave length. There will be departures from
the ideal due to capacitive effects and changes of size).

The switch described is capable of phase-modulating
microwave carrier frequencies, e.g. 20-100 GHz, at
high power, e.g. up to 150 mW, and high rates of modu-
lation, e.g. 300 Mbits/sec.

A particular example of a device for operation in the
27.5 to 29.5 GHz frequency band is shown in FIG. 5.
The device operates as described above and has a sub-
strate of RT Duroid 5880. The dimensions are as fol-
lows.

a=2.48 m.m.
b=1.37T m.m.
¢=2.84 m.m.
d=0.14 m.m.

e=0.17 m.m.

f=35.32 m.m.

I claim:

1. A microwave alternate-path phase switch which
provides alternate paths from an input to an output and
a selector for selecting which path an input carrier
microwave signal will follow from said input to said
output, the paths being such that the phase of the output
carrier microwave signal depends on the path followed
characterized in that the selector comprises:

a primary conducting region:

discrete conductive regions juxtaposed so as to pres-

ent a low r.f. impedance therebetween for the
transmission thereacross of said carrier microwave
signal but presenting a high impedance to a lower
modulation frequency signal used to select which
of said alternate paths is to be used:

each of said discrete regions being connected to said

primary conductive region via separate and inde-
pendent switching means for selecting which of
said alternate paths is to be used; and

a gap between each of the discrete regions and the

primary conductive region constituting respective
ones of said alternate paths.

2. A switch according to claim 1 further comprising:

a dielectric substrate which on one side supports said

primary conductive region having an aperture and
an input slot which provides an input path by slot-
line transfer and which, on the other side, supports
a secondary conductive region which co-operates
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with the primary conductive region to provide said
output by microstrip transfer,

said primary conductive region having said aperture
in which the substrate supports two said discrete

conductive regions whereby gaps between periph-
eries of said discrete regions and peripheries of the

aperture in sald primary region provide said alter-
nate paths by slotline transmission and said inde-
pendent switching means provides phase modula-
tion of said input carrier microwave signal by se-
lecting one of said two alternative paths.

3. A switch according to claim 2 in which the sub-
strate 1s a plastic film.

4. A switch as claimed in claim 2 wherein said dis-
crete conductive regions are separated by a slot the
shape and dimensions of which are selected such that
there 1s a substantially short circuit r.f. impedance pres-
ented between the regions at the carrier microwave
frequency but not at the lower modulation frequency at
which said switching means is to be operated.

5. A switch according to claim 1 in which each
switching means is a PIN-diode.

6. A microwave alternate-path phase switch compris-
Ing:

a dielectric substrate;

a primary conductive area disposed on said substrate

and having an aperture therein;

two discrete conductive regions disposed on said

substrate and within said aperture with gaps be-
tween the discrete conducting regions and said
aperture defining respective first and a second dif-
ferently phased microwave r.f. transmission paths
leading from a microwave r.f. input to a micro-
wave r.f. output; and pl first and second switch
means for selectively connecting alternate ones of
said discrete conductive regions to said primary
conductive area when electrically biased by a mod-
ulation signal thus selectively passing input micro-
wave r.f. signals along a respective one of said
transmisston paths;

said two discrete conductive regions also being sepa-

rated by a gap which presents substantially a short
circuit impedance thereacross at the frequency of
said input microwave r.f. signals but which pres-
ents a substantially higher impedance thereacross
at the lower frequency of said biasing modulation
signal whereby independent control of each of said
switch means is maintained.

7. A microwave alternate-path phase switch as in
claim 6 further comprising:

an input slot in said primary conductive area leading

from said microwave r.f. input for transferring
Input microwave signals to said input by slotline
transfer: and

a microstrip transmission line conductor disposed on

sald dielectric opposite said primary conductive
area and leading from said microwave r.f. output
for transferring output phase-modulated micro-
wave signals by microstrip transmission line trans-
fer.

8. A microwave alternate-path phase switch as in
claim 7 wherein said substrate comprises a plastic film.

9. A microwave alternate-path phase switch as in

claim 7 wherein each said switching means comprises a
PIN diode.
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